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^ ' ^SL^mm^ a^msm ■ data driver used in a current-driving display 

DEVICE) 



A data driver used in a cur rent -dr i v i ng 
display device for receiving a digital signal and 
f r outputting a gray-scaled current signal to a 
data line. The data driver includes a 
digital-to-analog current converter for 
transforming the digital signal into an analog 
current signal, a current-copying/reproducing 
module, and a control circuit. The 
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(#W;g*l : DATA DRIVER USED IN A CURRENT-DRIVING DISPLAY 



current-copying/reproducing module is used to 
store a predetermined voltage for conducting the 
£ alog current signal in a t r ans f or m i ng/ s t or i ng 
status and to conduct a reproducing current 
signal to the data line in a r epr oduc i ng/ s t ee r i ng 
status. The control circuit is electrically 
connected between the digital-to-analog current 
converter and the current-copying/reproducing 
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5^ ^ ^X^o^m^ i^iRj&m DATA DRIVER USED IN A CURRENT-DRIVING DISPLAY 
DEVICE) 

module for providing a switch between the 

tr ans f or m i ng/ s t or i ng status and the 

r producing/steering status. The reproducing 

current signal is the gray-scaled current signal 

and almost equivalent to the analog current 

signal. 
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#8^15^8^ (1) 

^ m 4 ^ a # 41 ^ : 

m tfj % CData Driver)' 

^ M ^ 

^ a # — ^ It (Organic Light Emitting Device, 
OLED)M ^ m ^ A ^ -BLM^J^-^-m.^X>^^ 
^ - '4 ^ ^ ' }^ ^ m n (liquid crystal 

display, LCD)iL;feBa6<j|g7f:^S.;te|SJ » :t;^#7t^*iM 

^ m H o^o • >L If te. ^ H J3i A -fit as, ^ ^ >^ ^ ♦ 

^ 'A ^ X ^ ik :^ ♦ a ^Jl^^^^^^^l-ifc — ;te^>!iffl 

^^l^^iKTFli (Matrix Display)_Lgp;%il*^f'J;t^^ 
^ ^ It II € >l5l 6fr A 'J- ' it i'J 0 ^ 15] ^ (X ^ 

^ 1^ m )6fj ^ - 

Iti^sf: n^'^^^ff}^^f$- (Passive Matrix )-m:?F n 

(Active Matrix)M5f:^^^ « ^^P^^ 
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k > ^mmn (2) 

X ^ ^ m ^ - n /n ^ ik ^ ^ ^ ^ f-'i t 
t<> ^ ^ m tt: n w] - is ^t ^ ^ m iL ^ if^ % 

S-^f'^^J^^^ — (Capacitor)Cl - — ^ ^ 

^ i.X.S.;^*L'(a^4 ^-tb^lfli (Metal- Oxide 

Semiconductor, MOS)l: ^lt^^JI^€&^ (Thin-film 
Transistor, TFT)T1~T4' H B if^ 20'^ 3^ ^ m $1^ ^ ^ 

^' z. m 11 m tfi ^ 'A 16^1 A 'J- ' m -iSt a 4 ® j-x a 

^ ^'h ' >^ T it t • ^ ^ ^ 60 ^ ^'J '14 >a 1^ 

a itb ^ ilf *L -fi m tb # ^ H (Digi tal-to-Analog 

Converter)^^ ^^^mM^S^t ' 

IS ^ 6«> ^ >^ jf'J ffl € >^ 4^ ^ ffl ' 1^ ^? ' 'fit m fcb 

# if 6^1 -gp ^ -j^f >^ -g- ^ ^fi. t # # M tb 60 ^ ^it 

tb # # € ' -tb ^ ^ -fS. 1^ tb € >A # m ^ 58- ' l^] ' 

n M ^ ^ ^ ^ ^ i^- C-ifp m " ^ ^ 2 0) 
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2.-^mi^m (3) 

^ m % % 10' 12(Level 
Shifter)^ - f-1 J| H 14 (Latch)* - ^ ^ ^ ^ B 16 (Shi ft 
Register)' a A - ^4 M tb € # H 18- 1: M -ffi. # t 
5^ 12S^ ^ liSL ^ - ^ 4SL m ^ (:^ 4^ * ^fe -^J ^ ^ — 7t ^ 
^/iiL ^ % ^SL m,^ ^ ' f-1 ^. 1 4t i4 # € M 'fit ^ 
^ ' A t (Buf f er ing)#L -fiL m ^ 6<j ^ » F-1 J| H 14"^ 

^ # lib 6>fiL it ^ -fe m Sfe ' ^ J-X ^ ^ ;5fe #J t F-1 ^ 14-^ 6 

§fe ' - iif irt 7F ^ - -f^ ^ 2 06*1 -fi m ^ ^ # # 

i><7 tfe ' # jif iit -fit m St # it ^ f-1 n 14' m n 14^^ 
e (^ M .s. )m,m ^ ^ ^ ' ik m bt }A n n i Sit ^ 

f-1 ^ 1 44L ^1. • ffl ^ ^ «lt * F-1 ^ 1 4^ ib 4:. #t -(ft m 

^ ' -f^J >lf a% m Tf: ^ ^ Jfc -(SL Hi tb # ^ ^ ^[5 a ii^ 

ik^mit'^'ik^i^'^S^^^ » Yojiro Matsueda^A*^ 
lb96#->jS. SID 96 Digest, "Low Temperature poly-Si 
TFT-LCD with integrated 6-bit Digital Data 
Driver" t ^ A m ^ m m ll?S^ ik, m U ^ ^ 




1^ 8 M 



i > ^mi^m (4) 

us Patent 6,256,024, "Liquid crystal display 
<W/ice"t ' Maekawa^ ^ ^ X ii^ iH it ¥j ^ 

a 4-^ 7t -fi t ® ^S. ' J. Kanicki 

# A (U. of Michigan, US A ^ - ^ # 60 >f4 M tb 
€ # ^ m . # ffl - M (I. )tb 1 : 2 : 4 : 860 ^ m 

€ B^a It (Thin Film Transistor, TFT)f: iJ^ ^ A ^ 16^ 

^ m ^ ig' n ^ m ^ • 

S?' 1 0^ it -(SL » tb ^ >)ll # ^ ^ 1 8:^ — fJ-J ^ Tf: ^ ffl ' jlb 

^fe ^J-J M tb t >)fl # 4^ H IS-kommn^^^^^i^^ 

Ib-im ^ ^ ' ^ ^ iM % yA :^ ?^ I gP> * m 1 : 2 : 4 : 860 

m % ^ m. Ti~T4:^ ' - e.^t^^-'fa^mtsit 

60 Sfe € M (Threshold Vo 1 tage)>8L t& ^ (Mobility)J: 

^ A 60 ^ ti> 1: ' iL # $-J -t >4 ^ I g ' ik ifrj M ^ 
m ^ n ^ ^ & ^ t (.-ko m - ^ ^ ^ ^ 2 0 )60 i^J 
^ ; ^ ^ ' * lib ^ ^fi M tb € # 4^ ^ 1 860 l# ib 12. 
(Output Impedance):^^^^ • ^^^i'J>jiSiiai^-te.l^fcb 

€ >^ # ^ ^ 1 84:, m >:^L A 'J^ 60 ^ ^ ' ^^i^^iLmtt%yk^ 

B 1 860 ^ ib ^ ^ 'D^ It lb € >7rl 60 A 'J- fla ^ fSr ' ^^.41- 

*L M tb t # m P 1 81^ # >!i ^ -ff. :^ (*> @ - ^ ® — 4l -fl- 
^ 20)$ it ^ - m. ^ ' ^^tl}60m>:^ii^;l:^^^^60 16 
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i ' ^mum (5) 

4- ± m " 

^ ^ ^ 

^ m^^'t. # mffj € . ^ - % 'A^ ^ ' 

^ ^ m ^ n m ^ ^ ^ — ^ m 13^ — A m m 7t 

(Data Driver)* ffl ^^"liL — ^>fSL 

(Digital-to-analog Current Converter)' ffl ^^^/^-^ 

^ ^ € m ^ J- t # ^ « - ^ l: • t il: 

tt -te. m fcb € >JSl # n a A ^ ^ ^ 4^ ^j. fa^ . m 
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ti - ^mnm (6) 

#:^t^^^^^5^(Data Driver)' 

^tL^^^'>-%^^^%n- (Level Shifter)' m 
^ ^ «lt 4L >f4 tfL !fe 60 € -fit ; - % 'Am ^ A 

(Current-Steer.i ng)*t M tb € >75l.# ^ ^ 
(Digital-to-analog Current Converter)' 1; ii. *^ 

^ t ^ it - ^ m f: >7ii m m ^ t 44 ^ ' ^ t 1^ ^ 
€ m ^ * IS tst ^ M m >t ii. ; i-x a - ^ f 'J € • 

\% m ^ iiL m \t % A ^ m ^ £K 1^ % A ^ ^ % 

^ ?A ' ffl # # 1^ -^it >5. # #t Pg* -^5: ^ Pal -ft 

; ^ t ^ € in. §fe ^ ^ ^ # *^ m tb t >3(l IR. 

t ^ ^ A 

-'^i^if'l^^/jm.^ikm ' ^ It. 6*1 m ^ |!| © ^ ^ ;^ ;fB 

-fa ' # ffl ^ ^ - -fiL m Sit ii 1^ it} - € m a ^ 

m It (OLED)i^ TFg > ^t^i^^^^^fc — (PLED)i^ 7F 
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i - ^mtsLm (7) 

m ' ju. A ^ ^ It m tit ^ m TT. n » n ^ ^ it m M. 
^ ^ ^ M: M ^ ^ - n ^ ^ ^ ^2£A JSL - is. m % 3^ 

n ' m ^ 't m ff} ^ 30^ ^ n M ^ - m n jl 

- ^ 40^ - 't ^ m tti ' tL^^-%^iSL^%^ 

32- — iSL ^ ^ ^ m 36(Shift Register)- — $k iiL m \t % 
yk^ m n 38- - t ik^ ^ m 42- a it - ^ >J € 58- 
44' ^tfi^tt-ai^tb^^Til^^^^ 38- tj5llM#^l.^^2la. 
42 - £X SLiS. M % 3^ 446*1 ^(5^-5r^'^?£^-^^4:.tt>fe:||| 
tb1>:^#4^€5^34- % m i^L ^ % 3^ ^ ^ m ^ - ^ Ml 

m §1; ^ -^J t ^ — 6^ it ^ <fiL tfL ft )'ft A € -a 6«i 1^ 

^ ' ^ ^ m ^ A m.m (Buf f ering)>8L ^ # ilt Q^iL tL $^ ^ 

' 3 6-5r^{!j-#ito#^#mft 

- f^l tfL ^ SW • -(Sl # ^ # m SRffl ^ - ir^ >E S'J 

32' n & ^ ^ ^ n m ^ % & m ^ ^ ^ ' # 

# II 3 8;if m # "It I'J 4L -fit m fl; # >^ m tb ^ tfL 

SI: • t # ^ m 4 2M'J ffl ^ - # ^ M # a: 1*3 ^ 

Pt ^ ^ # ± # #1 P& fal 6<) t7 # I'J * 1^ *J € 58. 44Se. ^ m 

^ m. ^ ^ 4t u 11 }k % M ^ M • t^'i4^ 
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i. - ^mn.BH (8) 

M 3^ SO^? itL ^ it ^ ^ 5k m m & ^ ^ ^ m 




tf >i it ' ^ t ' t ^ € 38- 3 26«J a 

8f ' n ^ t9L n m, n ^ t • .a-. € a -fA ^ %^ ;|; 

r-1 ^ ^ ^K; ^ a ^ M ^ ' ir 'ft ^ i-X it • 

' f*f1 ^ m Sfe SW=r @ Eg ^ {?'J t ^ i4 * -fi ^ # H 36 

W ' ffl i idt ;^ # ^ A # ^ ® eg ;fi I5l » '1^ — 

^ Ml U Rj? m St SWtI: * ;fi ^ ^'J ^ .^J. ' il 1^ 

^ ^ ^ ^ m sm M. ^ ' 

tt # ® 5^ • ® :^ ^ E9 © S. )^ >fiL 1^ tb 1 >)ll # 

^ ^ 5S- 3 44:, — M ^fe ^'j 41 7F s a ' ^ A ^ m ^ 

^ ^ iiL m it n ^ n 38- €>7^^#^^^^42- a A 

^ € «^ 4 46<j ^ aj # ;3'J ;!w a tJi W » ii ^ >V W # ^ 

'It iJL «" M tb € # ^ P 3 8*«- @ A ;5fe t >^ - € 

m ip ^ (Current-Steering)^ -fi m fcb € >:ifL#^^ ^ 38' A 

^ ^ X m m a m ^ ' ^ f ^ $'J ^Jjl iiS ^ 'fi M tb t >7l # ^ ^ 

% }A Hh m ^ ^ a % B: iM. ' ffn ^ *'J t 4 4#, t ii: 

*^ ^ 'fi. ^ tt € # ^ II 3 8a A m >:^L ^ # ^ It ^ ila. 4 241 
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JL'#^t«.W (9) 

fai' ^;jgt«8.4«.4^*«^€^MTio, Tim ^ ^ • m ^ ^ ^ 

- Pffi ^ Ifl. ^ SW • it -gc ^ Jib f^l m Ife SW^l ^ <SL m fcb € >^ # 
^€5^ 3 4;^irti#i^M#I^ISt-S.^ - ^ ^ ^ m 4^ ^ fii 

iL#.i^'(a^>i ^'fb^- (Meta 1 -Ox i de Semiconductor, 

MOS)m B^B ^ ^ ^ m € B^B f| (Thin Film Trans i s tor, 
TFT)' t €^ CBpm ^M#>l?Litmtb€j55Lm§l^^6^i1S 
tS: ^ Jl • ^ ^ ^ ^ t % Bi m -itp Vdd, Vbias) - ^ 

'Am^ (i, 2i,... 2''-4)^ t#^^ (DO. Dl,... DN-1)> 

n m ^ m m • -t 42 f^j € 4 44^ $ -j -^l f*fi m ^ 

^M#Pt & • ^ m. i^m ^ (^®3L )^;m'fii.i^€««-3 2;& 

A &<i 1^ -fit m SI; M a igt -fa. m tb € >Jfi # g 3 8-4 a ^ » ^ 
&fl tfl. ^ sw^ ^ ^ • ^ ft Ti isa a-1 ' ^ M ^ im 

it * *4 1^ 3 9&^i SS- a -b3 li>r ' t?b € B^a li T 1 OtT ^ -ft ' ^ 

^ PI M Am ^ m it % ^ ^ n zbjsl % -a n ^ ^ u in 
^ M m ^ i2 a-kp m ^ ^ A. ^ ^ m. icm^ )» 

m It A tfi ^ ^ A t, A m ^ ^ in ^ 4 2t II € M Vdd 
^ € ^ C;fa ii: 6*1 ^ >i ^b ^ It € B^B ^ TA € ^ C ♦ ^ 
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s.-'^mt^m (10) 

^ cm ^ ^ M it ^ }k 1XL ^fr t ^ ISl % & • ^ ^ 

jt ^ ^ 4^ «fe i?'J t ' tit t >^ # ^ ifc ^ 4 ft. 'ft ^ if ^ 

•mk H FtI -i^ ^ M ( Vgs ) » ft » -S- ^ • € ?A M 

(Thin Film Transistor, TFT)#^ ' ^ ' ^ ^ € M 

•^r ^ ^$ m € It ^, -m^ # M • !^ i . ♦ ir ^fe , 
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ii. M 


tb t >^ tfl St ^ 


s& ' m ^ % ^ ^ m ^ 






It 








Cil € S8- it # 4 


^ ^ ^ ^ ^ ^ ^ ^ 






# 








4 2^ ^ 4^ ^ 


n ' t • 1^ ^ ^ 1^1 














it ^ X i4 # 


m ^ m ^ ^ ^ ' ^ 














ft SW?,fc ^ - ^ 


^ ^ ^fe <?'J ^ i4 ^ 




» 'it 










>!i 6<j ^ ^ «■ 





t ^ tfl St SWeJ — ^g. € -a • tfc -fit M tb ^ >75l # ^ 

1:5^ 3 4M.-4^#^#.^rt^ ' ^ ^ m % ^ ^ % n- 34 
*^ # ^ # a 1^ ^ ii -1^ 'It ^ ^ ^ ffl -t ' ® -fc ^ ffl ^ 

* ;5fe -fJ-j *^ # :t # Pg' -gt 1^ ^ i£ # Tf; ^ a ' H -fc m -lis i4 it 

t >7fi fst # a ^ M 4 2't' # ^ # 1^ IS: t ^ ia - ^ m t 

>:^mSt^t*l-i^39(:Jto@-bt^^^€>ltL:*-i^^l§-5fe lo^ 
7F ) - t^^^^^it'^'A^^^^ 3 4>4 ^ # ^ # ^ 

8^ ' 4$ f-j ^ as- 4 4 (^/t # Jl^L ^'J ^ ^e. € 'la 60 Bfl m !fe € a^a 
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jL ' (u) 

n Tiom m )if -fi. ^ tt € >75l ^ ^ s s&^a & ^ ^ 

^ m 4 24L fal -bJ m ♦ it # ii ^ € m ^ J. t il4 ^ 3 9 • 
£1 m n t ^-^ ^ 3 9;fai4^'f|.-^ 40- ;ii.$Lt>liitfL!fe;l:^ € 
>7?L M # ^ t ^ ii. 42ife. fl^*^#^M#Pt■&a^^M#4^^StS: 

it ^ 'A n ^ n 3Sm M. ± ^ M it ^ 'A ^ » ^>i-* ♦ H M 

m^i^ :^ ^ m ^ ♦ * ^ 4- « ^ 

y^m ^ ^ U m ^ 42^ 4t^fr#^J^ • l^^^|5]6^j^5^7t# 

f^i ta lit sw:5^ ^ tJL -sL^ m ^ i^j^ ^ n M ^ m ^ - 
• m ^ m -i= t t ^ 'A :^ A ^ n ^ ' ^ m ifij 

ii. 6^1 ^ >r irt t # ^ 3 9^ H >^ ia Sfe # € >^ ) 

^ tim ' ^iif€>3SL55ri^^itj • ^? m ^ ^ m ^ $k -iSL m. )t 

% 'A ^ ^ % 5^ 3 4^ t — € >"^^t (current sink)6^ m tb € 
l: IS: tt -L !«. ^ -f^ >!i 6*1 ^ ^ >fb • € t 

6*1 4^ 4 -fb ^ If € B^a It ^ ^ ^ € B^a ^ ^ ^ ^ iit -ft 

— Jfe 'ii' # 6*1 S. ^ ( - S. ^ • 

n ^ 't ¥r m % % ^ ^ ^ n ^ " ^ ^ ^ - ^ 't 

m tti s$. J • ^f^l^t^;5fe8^ ' -t ^ ' iM. M t ^ 
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i ' ^mtfLm (12) 

^-^'tnmf^%3$.j M M ^ ^ y> - ^ ♦ ifh A ^ ^ 

X. * ' t - t # ^ ^ -I® ^ 4a it ' # ^ • ^ 

(Matrix Display)' I'J iJt ^ a ^^^m^t^mtfj'ti^j 

^ f it ffl ^ - ^ ^ ^ ^ ^ i4 a • m t -^i 
m ' it m it ^ QQ^ ^ ^ m. ^ ^ ^ (OLED)^ n - 

^m^^^^^jft^mf^ (PLED)i« iF n - J'X^^'te.^tijS. 

% bO^ ^ ^ m <^ ^ 70(Pixel)^ £AJSin^^^^'mi$-^ 
10^ ^ ^ ^ ^ ^ (Scan Line)68 « ^ ^ m i$. ^ 70;^ « ^ 

t^'^-^n^fi}'^^ 5 0'^ 4^ ^ it m !^ ^ H M m 

^ ^ 52> - J^'(i^tbl:5;^l#m^ 58> - €>j^#t#^ 

M m ^a. a - 4$ € 58- 6 4 » ^ 4^ ^'J tJl afl ^ > "M" 

70' M. m tfl ^ — ^ -kP ^ t ^ "fSL ^ ^ ^ n 56 

;^ ^ ^ ' ^ * ^ 6(j 4a ^ i'J la ^ ^ - ^ - 42 

f 'J t as- 6 4^ ^ 4t 4:. Tffl BMH. ^ S f: ^i. ^ ♦ Si ^ ;!?^ 

irti ^ € S§- 6 4:^ t # t!r € 58- 5 0^ 4 *^ # 4. # ♦ 

f*f1 m Mm S Wf- it *t m fcb f: # 4^ ^ 5 86<i Sg- # l&r 
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s-^^mmm (13) 

iffi m m. ^ ^ ^ &m m m ir ' ^v^^^-^^^^k 

A ^ -t ^fe :^ t a^a ^ T || t # ^ 6 9^ ^ # 

Pffi 6^1 ^1. 704f - it - € >^ ^ # ^ li ^ M 62't- it - 

m ^ 'h ^ ^ % ^% » ifc € m ^ ii^ ^ ;i >>v ;te it 6^ ^1. :^ 7 0 

t • t ^ ^ 'A ' *;^ilb-f|.^7 0-^:^^l:>7llM# 

^llJ>!&l&4::'f|.:l: 70' ^ rj. it ^ l^t^H-^^^JS^it.^ 

4l ^ -t ¥t ^ ^^'^i. ^ ^ % 'A ^ ' t. yfi tJL ^ ^ it ^ Id 
m n M ^ ^ • & $^'1 T - it it ^ M M ^ W ^ QSn- 

^ t[ ^ 3^ ' 

^n.'^^%miiiL^%n- 5 2^ r-i j^- ^ zsl ^ ts^ % ^ 't 

- % & hl ^ 1% n ' n m m :fL • g^L^s^v 

^i4it#4LJ^^A^>Ji%##@yv;tei5j . -m — ^ Mi ^ ^ m 

5 0^ ^ ♦ ^ t ± ♦ € ^ ^fi ^ € 5 2 5^ ^ )60 *t a ^ 
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i ' iltmUBH (14) 

m fk :^ ' -fe 5. 11^ € M >fi # € 52 P-1 ^ )i i^. t 
^Bt 5 2 r-1 H 1^ -fi. m !fe 4:, ^ ^ 6^; 'It T ' & 

tiL^^i^j,A^^mm,^^A^^'t^'^mffj%s^ sot • 

;^ # 8^ ^ - t # ^ € ^ T - ,^ ';^L Ip ^ 

(Current-Steering)^ 'fi m tb € H ' ji^'J ffl ^ IS: 

Jl m iM. ^ ^ ^ m ^ ^ ik iH » /L ^ # t tt 

# ^'J ie. ffi ^/t ^ ^ ^ ^ -ft ^ ^"1- # ' >!i 4 8-^ # ^ 

• >f)flr rari 
/A ^ H. ® o 



i 
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^ m 



^ ^ ^ m 

i& € 28- — f ^fe -l^'J 



^/j ^ :^ ^ 



^ -Z?"] 6<j 5f: ;t. © » 

— ^ «fe 6^ 



— ^ 70 f}^ 4L — 



^ ^ IJt 8^ 



10 
1 2 
14 



30 ^ 50 

32 ^ 52 



t *4 ^ 
P-1 ^ 



5^ 
21- 




1^ 20 H 




16^ 36- 56 

18^ 38- 58 

19> 39- 69 

20- 40- 70 



34 
42 
44 
60 



6 2 
64 



-fi # ^ # 
^ ^ m tt % ^ ^ 



t # ^ 

^ iSL m \t % '7k W ^ % ^ 

% 7k M .# ^ ^ M ^ 

^ € 3^ 

Tf: /t # 




(Data Driver)' ^ ffl # «jt - >14 m SI ji ^ A - ^ 
a ^ ^ : 

- *t M tb € # 4^ ^ (Digital-to-analog 
Current Converter)' ffl ilf m # «lt i'J 4l ^ -li Ifl. It # ^ 

^ # «^ 1^ -gt ^ Pal # i77 m : 

^ t ?1 ^ € >:^L tfl. It >^ ^ ^ 1^ t >A m It ' i 1^ ;a 
II t >i5L m It 'H'. ^ ^ 4i # ^ 0 tb f: j;^ tfi Sit <• 

3. *,tlf*#'J^®l^ lJl-3LW#iiii&€5^ ' ^ 3. 

^J'^-^a-tt-^ms^devel Shifter)' ffl*-t^^t^*t'fittn 
^ » 





^ 22 % 



y - r-1 H (Latch) ' ffl ^ ^ # m ^ - 




5 . *j t tf , 4 ^'J ^ a 1^ iJl ^ t # -16 € 

iiL ^ ^ ^ n (Shift Register)' ffl*.lwiti- 

^# i # Pg* -S: ^ r«1 i/7 ^ - 



^ ^ - 

f»f1 ta sfe J. 

^ 4^ M n 



6. *'ttt4#'J^®l? 5aS4Lt#^^€«^ ' ^t#t^f*f1 
# ' ^ f'J € 5^ -t- ilf ^ -fit m tb ^ /7?L # P J-X a 



1^ fit # ^ ^ 4^ M ^ fai # ia ' ^if ^ Jit 'fi M tb #t # ^ 
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